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Ag/TaON. Ag (1 wt%)-loaded TaON was prepared by immersing TaON in an aqueous AgNO 3 solution, followed by reduction treatment under an H 2 gas flow at 473 K for 1 h.
Adsorption of the metal complexes.
Semiconductor particles (50 mg) were dried by heating at 100 °C for 10 h under vacuum, and then they were added to a CH 3 CN solution (25 mL) containing RuBLRu′ or Ru. The suspensions were stirred at room temperature, in the dark, for 6 h. The powders produced were collected by filtration and washed with CH 3 CN (5 mL). These filtrates were collected and concentrated to 25 mL. An adsorbed amount of the complex was estimated by using Eq.S1,
where A before and A after are absorbance at 462 nm of the solutions before and after the adsorption procedures, and C is the concentration of the complex before the procedures, respectively. For a typical example, the adsorption procedures were done with a 9.5-M RuBLRu′ solution (A before = 0.15). The absorbance after the adsorption procedures was 0.05. The adsorbed amount of RuBLRu′ could be calculated as 3.1 mol per one gram of TaON. Ru′ was adsorbed on the semiconductor particles using a similar method except to use methanol as a solvent because of low solubility of Ru′ in acetonitrile.
Photocatalytic Reaction. A suspension of photocatalyst (8 mg) in 4 mL of methanol was purged with CO 2 (Taiyo Nippon Sanso Co., > 99.995%) for 20 min, and then, it was irradiated using a 500W high pressure Hg lamp (Eikosha Co.) with an aqueous NaNO 2 solution filter that cuts light at  < 400 nm), and cooled with tap water during irradiation. The gaseous reaction products H 2 and CO were analyzed using a gas chromatograph with a TCD detector (GL science GC323), an active carbon column, and Ar carrier gas. HCOOH was analyzed using a capillary-electrophoresis system (Otsuka Electronics Co. CAPI-3300). HCHO was analyzed using colorimetric analysis following a published method. 6 The reaction solution (1 mL) was added to an aqueous solution (1 mL) containing ammonium acetate (1.95 M), acetylacetone (20 mM), and acetic acid (52 mM). The mixed solution was heated at 60 °C for 5 min. The product, 3,5-diacetyl-1,4-dihydro-2,6-dimetyl-pyridine, was extracted from the solution with 4.0-mL chloroform. The absorbance of the organic phase at 397 nm was measured with a Jasco V-565 UV/vis spectral photometer due to determine the concentration of 3,5-diacetyl-1,4-dihydro-2,6-dimetyl-pyridine. HCHO concentrations were determined similar from the absorbance of methanol-water (1:1) mixtures containing various HCHO concentrations.
Isotope-tracer experiments.
13 CO 2 ( 13 C 99%) was purchased from Aldrich Co. We checked the contamination of 13 CO and H 13 COOH in the 13 CO 2 gas by GC/MS (Shimadzu, QP-2010-Ultra) and 13 C-NMR, respectively, and they were not detected at all. The 13 CO 2 gas was introduced into photocatalyst suspensions after degassing them by freeze-pump-thaw cycling. After the samples were irradiated, the gas phase was analyzed by GC/MS with a Molsieve5A capillary column (30 m). The 1 H-NMR (no-deuterium method) and 13 C-NMR spectra of reaction solutions were also measured using JEOL ECX-500. Before measurements, solids were removed by filtration, and reaction S4 solutions were treated with CO 2 to adjust the pH. 13 CH 3 OH (Cambridge Isotope Laboratories, 13 C 99%) was purified by distillation over Figure S1
13 C NMR spectra of a photocatalytic reaction solution (1 mL), which was measured after filtration. Ag/TaON-RuBLRu′ (4 mg with 14 nmol of adsorbed RuBLRu′) was irradiated ( > 400-nm light) for 9 h (a) in CD 3 OD under 13 CO 2 (710 Torr) and (b) in unlabeled CO 2 saturated CD 3 OD. The acquisition time was 1 s, and the integration number was 20000 for the measurements.
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Figure S2 Gas chromatograms of the gas phase in the photocatalytic reaction samples using mass spectrometry as a detector (m/z 28, 29).
Ag/TaON-RuBLRu′ (8 mg) was irradiated (> 400-nm light) for 15 h (a) in CH 3 OH under 13 CO 2 (670 Torr) and (b) in CH 3 OH saturated unlabeled CO 2 . The molar proportions of 12 CO (m/z 28) to 13 CO (m/z 29) in figure (a) were 77 : 23 (using the area ratio with corrected 12 CO and 13 CO sensitivities). .4) a 8 mg of the photocatalyst was dispersed in 4-mL of methanol. The photochemical reaction condition was as follows: CO 2 bubbling for 20 min before irradiation, irradiation using a 500-W Hg lamp with a cutoff filter ( < 400 nm), and cooling the samples with tap water during irradiation. b Turnover numbers were calculated based on the metal complex used. The reduction and oxidation potentials of the excited photosensitizer unit were calculated using equation S2 and S3, respectively, with the 0-0 excitation energy (E 00 ) estimated from Frank-Condon analysis of emission spectrum ( Figure S9 ).
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